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vABSTRACT
Development in automotive technology sector creates a new idea in turbocharger 
system. The tasks given for the final year project is to the design and builds a 
turbocharger stand and airflow circuit piping for an automotive turbocharger testing 
apparatus. The airflow piping was made using PVC pipe. The piping made from the 
blower to the compressor inlet. Compressor outlet piping was branched into two; 
flow through an intercooler and flow bypass the intercooler. Meanwhile, the flow 
into and out from the turbine was also installed in the apparatus. Variable speed 
blower is used to supply incoming air to the turbo compressor. This test apparatus 
was far from complete as this is the first step to a complete instrumented 
turbocharger test apparatus that capable of measuring input and output pressure and 
temperature.
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ABSTRAK
Kemajuan dalam sektor automotif telah mengilhamkan satu idea baru untuk sistem 
turbo. Tugasan yang diberi untuk projek tahun akhir bertajuk mereka dan membina 
penyangga turbo serta litar perpaipan aliran udara sebagai alatan pengujian 
turbocharger automotif. Sistem aliran paip diperbuat daripada poly vinyl 
chloride.Pemampat luar paip terbahagi kepada dua bahagian iaitu udara keluar akan 
melalui sistem penyejuk (intercooler) dan melalui laluan pintasan. Sementara itu, 
aliran keluar dan ,masuk dari sistem turbine turut dipasang pada kelengkapan 
peralatan pengujian.Penghembus udara yang dapat mengawal kadar kelajuan udara 
yang membekalkan udara masuk ke sistem pemampat turbo. Peralatan ini merupakan 
langkah pertama untuk menghasilkan sebuah peralatan pengujian turbo yang dapat 
digunakan untuk mengira kadar kemasukan dan tekanan mampatan serta mengira 
suhu udara pada aliran sistem turbo.  
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1CHAPTER 1
INTRODUCTION
1.1 PROJECT BACKGROUND
The project involves designing and fabricates a turbocharger stand and air flow circuit piping 
for an automotive turbocharger testing apparatus. Fundamentals, the turbocharger use widely in 
automotive sector that functionally use to increase the mass of air entering the engine to create 
more power .Since now, University Malaysia Pahang especially Faculty of Mechanical 
Engineering didn’t have the apparatus to testing the performance of turbocharger.
The turbocharger test rig is a facility dedicated to the experimental study of compressors and 
turbines which are used for turbo-charging the reciprocating internal combustion engines. The 
apparatus developed makes it possible to carry out basic studies on the energy and fluid-dynamic 
behavior. 
The design of the project is based on the concept that created by student and approved by the 
supervisor. All the material that use for the project is prepared and funding by faculty of 
mechanical engineering.
2At University Malaysia Pahang (UMP) especially in Faculty Mechanical Engineering didn’t 
have the special apparatus to test the turbocharger performance .So from this problem, the idea 
come out to create the design apparatus for turbocharger.
1.2 PROJECT OBJECTIVE
There objective of the project that needs to achieve are:
 Design and build the air flow circuit for the an automotive turbocharger testing apparatus.
1.3PROJECT SCOPES
There are several scopes for my projects:
a) Design piping from blower to turbocharger and discharge pipe to atmosphere. 
b) Build and install piping to the rig stand.
c) Installation of variable speed blower.
31.4 FLOW CHART
41.5 GANTT CHART
5CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
2.1.1 Turbocharger Test Stand Apparatus
The test requires flow to be passed through the turbocharger variable nozzle / turbine 
assembly under controlled pressure condition to allow an operator to set the turbocharger.
One of the major challenges of today’s engine developments is the reduction of climate-
relevant CO2 emissions. Downsizing in combination with charging systems is seen as one 
key technology to utilize the fuel consumption potentials of diesel and gasoline engines. In 
order to maintain engine power and fun-to-drive with downsizing concepts, or even improve 
them, the turbocharger design and optimization has to be even more integrated into the 
engine developments process. Machines supplied have been both manually loaded and 
unloaded and integrated into a pallet transfer system (refer to Figure 2.0). The testing 
includes semi-automatic setting with manual tightening with a torque spanner to a known 
torque carried out to lock the parameters in place.
6Figure 2.0: Turbocharger Test Rig
Main elements consist on this system are flow circuit will closed loop pressure control 
and measurement of a pressure, flow rate and temperature. The turbocharger also has 
mounting fixture on transfer slide with inlet connectors, seals, clamps and anti-rotate device. 
Next elements that have are the exhaust connection system and silencer. Actuator connector 
and closed loop pressure or vacuum control system and have torque wrenches. This system 
also can control system and operator interface (refer to Figure 2.1).
Figure 2.1: Turbocharger stand apparatus
7The high degree of flexibility of this test rig allows turbocharger mapping measurements of 
single and two-stage charging systems under state-of-the-art boundary conditions. The direct 
connection to engine process simulation, engine test benches and CFD analysis guarantees an in-
depth understanding of the interaction between turbo machinery and combustion engine.
2.1.2 Turbocharger
The turbocharger function is to increase the mass of air entering the engine to create more 
power. A Turbocharger, often called a turbo, is a small radial fan pump driven by the energy 
of the exhaust flow of an engine (refer to Figure 2.2). A turbocharger consists of a turbine 
and a compressor linked by a shared axle. Turbochargers and superchargers are engineered to 
force more air mass into an engine's intake manifold and combustion chamber.  Intercooler is
a method used to compensate for heating caused by supercharging.
Figure 2.2: Turbocharger
Turbochargers are well known in the prior art, and typically comprise a turbine for
driving a compressor to supply relatively high pressure charge air to a combustion engine. 
The turbine is rotatable driven by exhaust gases from the engine and in turn rotatable drives a 
compressor for compressing charge air supplied to the engine. An inherent design problem 
8with turbochargers, however, is that the rotational speed of the turbine and compressor 
increases as the speed and/or load of the engine increases. 
At relatively high operating engine speeds or loads, it is possible for the turbine and 
compressor to be driven at speeds above critical design limits, or for the compressor to 
supply charge air to the engine at boost pressures higher than the engine can withstand. 
A wide variety of control devices for turbochargers have been developed to limit the 
rotational speed of the turbocharger compressor, and thereby to control the boost pressure 
level of the charge air supplied by the compressor. 
Such devices may be mounted either on the compressor or the turbine, and commonly 
includes blow-off or pop-off valves, turbine bypass or waste gate valves, compressor inlet 
control valves, and the like. 
These valve devices are generally similar to each other in principle in that each comprises 
a valve responsive to a predetermined pressure level or pressure differential to restrict the 
availability of gases for driving the turbine, or for supply to the engine by the compressor. 
For example, a turbine waste gate valve operates to close a flow path bypassing the turbine, 
and may be opened by a pressure-responsive valve actuator to allow a portion of the engine 
exhaust gases to bypass the turbine to atmosphere(refer to Figure 2.3).
In this manner, the turbine is rotatable driven by a relatively reduced mass flow of 
exhaust gases to limit the rotational speed of the turbine, and thereby also to limit and control 
the rotational speed and resultant boost pressure of charge air supplied by the compressor .
9Figure 2.3: How the turbocharger work
Now the turbocharger applications apply widely in automotive sector such as sporty car, 
racing car contest, and use for individually person that interesting to the high performance 
car.
The turbocharger has four main components. The turbine (almost always a radial turbine) 
and impeller/compressor wheels are each contained within their own folded conical housing 
on opposite sides of the third component, the center housing/hub rotating assembly.
2.1.3 Intercooler 
The function of intercooler is intercooler system ensures much lower engine operating 
temperatures (refer to Figure 2.4). The turbo charger function is to compress and force a 
greater volume of air into the engine, producing more power. It is a basic law of physics, the 
temperature will increase when the air compress.
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Figure 2.4: Intercooler
Passing a compressed and heated intake charge through an intercooler reduces its 
temperature (due to heat rejection) and pressure (due to flow restriction of fins). If properly 
engineered, the net result is an increase in density. This increases system performance by 
recovering some losses of the inefficient compression process by rejecting heat to the 
atmosphere.
An intercooler cools the air sufficiently in order to improve engine performance as well 
as prolong the working life of the engine.
By cooling the air that flows into the engine, increases the mass of air flowing into the 
engine. A higher mass of air means more fuel can be burnt in a single combustion stroke and 
more power is produced per stroke. Obviously, the downside to this is that any object placed 
in the stream disturbs the airflow pattern and hence reduces the amount of air that can be 
passed. Although this is true for older intercooler designs, the newer intercoolers have been 
designed with flow efficiency in mind, and as such flow restrictions are minimized. Hence, in 
modern day terms, the gains to be had using an intercooler far outstrips any disadvantages.
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Intercoolers are usually placed between the turbo and the engine air inlet. Compressing 
the air adds a lot of energy to it which makes it fairly hot, by cooling it this increases the 
density of the air cramming more air per volume. This increases the performance and 
efficiency of the engine.
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CHAPTER 3 
PROJECT METHODOLOGY
3.1 DESIGN TARGET 
The design specifications for this project are its have cap for outlet and inlet compressor. 
Other than that the piping flow has two ways, whereas the air flow will throughout from system 
through the intercooler or not.
Design concept created follow by the several criteria such as the suitability design of rig 
and turbocharger stand. It also must to have the bypass to control the air flow in the system
which it will through the intercooler or release direct to the ambient. 
The several propose concept design create for this project. At the end of this step, just one 
design that will be chooses for the final design project. The propose design have the advantages 
and disadvantages for guiding to select the final design.
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3.2 CONCEPT
3.2.1Concept 1
Figure 3.1: Schematic View And Oblique View
Advantages:
1. The placement of intercooler is at the base of rig, so it suitable to support the weight 
of intercooler.
2. Have two valves at junction pipe to control the air flow.
3. Just a small space that needed for this design
